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Background
Human papillomavirus (HPV) is a sexually transmitted virus found in virtually all cases of cervical cancer, 1 which kills 275 000 women every year 2 and is the biggest contributor to years of life lost from cancer among women in the developing world. 3 Two HPV vaccines developed in recent years -Merck's quadrivalent Gardasil and GlaxoSmithKline's bivalent Cervarix -have been prequalified by the World Health Organization (WHO) and approved by national governments in many countries, including Rwanda. These vaccines represent a milestone in biomedical progress towards mitigating the burden of cervical cancer. 4 Vaccination programmes have changed the landscape of global health drastically by enabling countries to re-evaluate funding priorities and to invest in prevention when cost-effective. 5 However, 15 to 20 years usually pass between the introduction of a vaccine in rich and poor countries. 6 In recent decades, routine screening programmes have reduced cervical cancer morbidity and mortality in highincome countries, and this trend is expected to accelerate as vaccination coverage is scaled up. 7 As a result, 77% of new cases 8 and 88% of deaths from the disease now occur in developing countries. 2 A five-year delay in introducing the HPV vaccine to these countries would result in 1.5 to 2 million preventable deaths. 2 Cervical cancer is the most common cancer among women in Rwanda, 9 a country in eastern African with more than 11 million inhabitants. In 2010, 986 cases of cervical cancer were diagnosed in Rwanda and 678 women died from the disease. 9 That same year, Rwanda evaluated options for HPV vaccination rollout and decided to pursue a partnership with Merck to offer Rwanda's young girls the opportunity to receive a life-saving vaccine. A growing body of scientific literature has emerged in recent years concerning the use of the HPV vaccine in the developing world, 2,10 but very little evidence on the success and replicability of nationwide delivery programmes, like Rwanda's, has been published. In this article, we describe the process by which Rwanda became the world's first low-income country to provide universal access to the HPV vaccine.
Context
Before 2011, neither cervical cancer screening nor HPV vaccination was available in public health facilities in Rwanda; only a few private clinics and nongovernmental organizations offered screening services. Aware that cervical cancer is highly prevalent in Rwanda, the Ministry of Health considered the overwhelmingly positive evidence of the effectiveness of the HPV vaccine to be a call to action.
In 
Rwanda's health sector
Driven by the pursuit of equity, value and quality, the health sector in Rwanda has made immense progress in recent years. Through a decentralization strategy harnessing Rwanda's 45 000 community health workers, the Ministry of Health and its partners have succeeded in decreasing the burden of major infectious diseases and have scaled up disease prevention programmes efficiently and effectively. Between 2005 and 2010, Rwanda reduced malaria incidence by 70% and under-five mortality by 50%. The country increased the proportion of infants aged 12-23 months receiving all basic WHO immunizations from 75.2% to 90.1% (with all but oral polio vaccine coverage rates exceeding 95% in 2010) and assured universal access to antiretroviral therapy. 12, 13 Rwanda has also strategically positioned itself to tackle non-communicable diseases by building on its successful integration of infectious disease interventions and primary health care.
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Preparation and implementation
Three early decisions were crucial to the success of Rwanda's HPV vaccine rollout. First, the Ministry of Health decided in September 2010 to widen its technical working group on vaccinations to include the Ministry of Education, the Ministry of Gender and Family Promotion, the Center for Treatment and Research on AIDS, Tuberculosis, Malaria, and other Epidemics, and health workers engaged in cancer care. Multidisciplinary subcommittees were tasked with identifying cold chain requirements; numbers of girls in and out of school; nurse and community health worker training capacity; procurement and distribution logistics; a budget for implementation; education and sensitization requirements; and tools for data collection and social mobilization. Committees met as often as neededoften every other day -for about four months. After the memorandum of understanding between Merck and the government of Rwanda was signed, the following two months were spent devising a strategic plan for rollout preparation, implementation and evaluation.
Concurrently, a nationwide population sensitization campaign was planned and undertaken months in advance of vaccination. Speeches by health-care professionals, local government officials, clergy and the First Lady were made to inform parents and children of the new vaccine. Announcements via newspapers, magazines, radio and television were included in the communications strategy. Teachers were trained and encouraged to discuss cervical cancer and the HPV vaccine with students.
With technical assistance from the US Centers for Disease Control and Prevention (CDC) and the International Center for AIDS Care and Treatment Programs (ICAP) at Columbia University, Rwanda's Ministry of Health conducted a situational analysis in March 2011 using in-depth interviews and focus group discussions to assess the knowledge, attitudes and beliefs of key stakeholders pertaining to HPV vaccination. The systematic inclusion of local leaders, community health workers and teachers in the vaccine delivery strategy combined with Merck's in-kind support to constitute a "public-privatecommunity partnership" for effective programme implementation specific to the Rwandan context. The second major decision was to partner with the Ministry of Education to design a school-based strategy to deliver the standard three doses of the HPV vaccine. Because 98% of Rwandan girls attend primary school, 16 implementers felt that the highest coverage rates could be attained through schools. Some girls in rural settings are unaware of their exact ages, and a demonstration project in Uganda described difficulties identifying girls through an age-based programme, 10 so Rwanda elected to pursue a grade-based strategy.
Third, the technical working group decided on a multi-phased vaccination strategy spanning three years ( Fig. 1 ). Every year beginning in 2011, girls enrolled in primary grade six will receive the full three-dose course of HPV vaccine. During the programme's second and third years, a "catch-up" phase targeting girls in the third year of secondary school will ensure complete coverage of all pre-adolescent and adolescent girls. In 2014 and beyond, only primary grade six vaccinations will be necessary.
Each course of vaccination takes place over six days: school-based vaccinations across the country during the first two days, out-of-school girls are tracked and vaccinated on the third day, and surveillance of adverse events is conducted over the remaining three days. The vaccination is a voluntary opt-out intervention offered to all girls in the targeted age groups, regardless of their school enrolment status. Parents and guardians had been instructed through the massive communications and media campaigns to accompany their daughters to school on the day when the first dose was going to be administered. If a parent or guardian did not come to the school, the girl did not receive the vaccine. On the days when vaccines are administered, which the schools now designate as educational "health days", local health-care providers and teachers discuss topics pertaining to Lessons from the field Human papillomavirus vaccine rollout in Rwanda Agnes Binagwaho et al.
hygiene, nutrition, infectious diseases and reproductive health.
The vaccination programme technical working group chose to target girls in primary grade six because most of them are not yet sexually active but have reached an appropriate age for initiating sexual education. In Rwanda, the median age of sexual debut is 20.7 years and only 2.7% of girls have had sex by age 15.
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Delivery challenges
During the first phase of the vaccination rollout, one of the greatest challenges faced by implementers was making the population across the country aware of eligibility guidelines for the HPV vaccination. Some parents wanted to have all of their children immunized, and several female teachers in schools where the vaccine was delivered also asked to be vaccinated. Through radio and onsite communication, representatives of the Ministry of Health acknowledged the potential benefit of vaccinating all women at risk for cervical cancer but explained that this national programme was intended only for girls before sexual debut. They also explained that there would be a "catch-up" phase of HPV vaccination targeting third-year secondary school students.
Targeted action was taken for the girls who were sick or otherwise absent from school on vaccination days, in addition to the small number of girls who should be in primary grade six but were not enrolled in school at the time of the vaccination rollout. To make sure that no eligible girls missed the opportunity to benefit from the vaccine, Rwanda's 45 000 community health workers were mobilized for active tracing of girls who were enrolled in primary grade six but absent on a vaccination day, as well as the small number of girls who were 12 years old but not enrolled in school. After being identified by community health workers, girls from both groups were vaccinated at the local health centre (Table 2) .
Resistance
The HPV vaccine rollout in Rwanda, like other progressive public health policies in Africa, has met with some resistance from the international community. 17 Concerns over the initially high fixed costs of vaccination have led some to suggest that a focus on cervical cancer prevention might detract scarce resources from other more "cost-effective" child health interventions. Indeed, stateof-the-art health technologies are generally expensive and health ministries face difficult choices when making budget allocations. However, Rwanda acted on its decision to tackle non-communicable diseases in a systematic way by accepting Merck's offer to provide free vaccines for the first three years of the HPV vaccination programme. High-level leaders are committed to ensuring the long-term integration of a rights-based cervical cancer prevention, care and treatment programme into the basic package of health services. As more low-and middle-income countries follow Rwanda's example and confront the untallied cost of inaction with respect to cervical cancer, vaccine market dynamics and tiered pricing agreements will most likely drive down vaccine prices in these settings, as has occurred with the pneumococcal conjugate vaccine (which Rwanda was also the first low-income country to roll out).
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Implications
A successful nationwide HPV vaccination programme requires a wellestablished vaccine delivery system with adequate cold chain, transportation, human resources and monitoring capacity. Collaboration between public and private institutions within the framework of strong national ownership appears to be a prerequisite for long-term sustainability. To assure high vaccine uptake, the health system should have a strong outreach communication capacity to clearly address questions on the part of girls, parents and health workers about vaccine safety and efficacy and the exclusive focus on young adolescent girls.
Favourable outcomes from HPV vaccine rollouts and similar initiatives do not occur by chance; they result from strong coordination, national ownership, strategic planning, comprehensive monitoring (especially the reporting of side-effects and adverse reactions through teacher training) and good managerial capacity. Senior Ministry of Health officials in Rwanda acknowledged that an emphasis on health systems strengthening by the government, The GAVI Alliance, the President's Emergency Plan for AIDS Relief and The Global Fund to Fight AIDS, Tuberculosis and Malaria was key to the success of HPV vaccine rollout in the country.
We are encouraged by the promising initial results of the HPV vaccination programme in Rwanda, which has attained 93.23% coverage after the first three-dose course of vaccination. Rwanda's example should motivate other countries to expand their vaccination programmes to include the HPV vaccine, with due customization according to their epidemiological, economic, political, and health system contexts, especially now that the GAVI Alliance has included the vaccine in its immunization package and that Merck has lowered the price to 5 United States dollars per dose for GAVI Alliance eligible countries.
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Резюме
Широкий охват национальной программой вакцинации против вируса папилломы человека в Руанде Проблема Практически все женщины, у которых диагностирован рак шейки матки, инфицированы вирусом папилломы человека (ВПЧ).Из275 000женщин, которые ежегодно умирают от рака шейки матки,88%живут в развивающихся странах. Были одобрены две вакцины против ВПЧ.Тем не менее, страны с низким уровнем дохода имеет тенденцию отставать в вопросах вакцинации от стран с высоким доходом на 15-20 лет. Подход В 2011 году Министерство здравоохранения Руанды в сотрудничестве с компанией Merck начало программу вакцинации для всех девочек соответствующего возраста вакциной Гардасил (Gardasil) против ВПЧ. Министерство создало«государственно-частное партнерство», чтобы обеспечить эффективную и равную вакцинацию. Местные условия Благодаря пристальному вниманию государства к укреплению систем здравоохранения более 90% детей в Руанде получают все основные прививки, рекомендованные Всемирной организацией здравоохранения. Осуществленные перемены В 2011 г.программа вакцинации против ВПЧ в Руанде охватила первой из трех доз вакцины 93,23% девочек, учащихся в шестых классах. Это стало возможным благодаря школьной вакцинации и участию общественности в нахождении девочек, которые отсутствовали или вообще не ходили в школу. Введению первой дозы предшествовала общенациональная кампания сенсибилизации. Выводы С помощью ряда инновационных партнерств Руанде удалось за пять лет сократить исторический разрыв в вопросах вакцинации размером в два десятилетия, существующий между странами с высоким и низким уровнем дохода. Высокие показатели охвата были достигнуты за счет стратегии, построенной на сильной системе вакцинации в Руанде и высоком человеческом потенциале. Вслед за решением Альянса GAVI начать финансирование вакцинации против ВПЧ, пример Руанды должен мотивировать другие страны рассмотреть вопрос универсального охвата вакциной против ВПЧ, однако реализация данных мероприятий должна быть адаптирована к местным условиям.
Resumen
Cómo alcanzar una cobertura elevada en el programa nacional de vacunación contra el virus del papiloma humano en Rwanda Situación Casi todas las mujeres que tienen cáncer cervicouterino están infectadas con el virus del papiloma humano (VPH). De las 275 000 mujeres que fallecen anualmente debido al cáncer cervicouterino, el 88% vive en países en desarrollo. Se han aprobado dos vacunas contra el VPH, no obstante, la implantación de la vacuna en países de ingresos bajos tiende a quedar entre 15 y 20 años por detrás de su aplicación en países de ingresos altos. Enfoque En 2011, el Ministerio de Sanidad de Rwanda se asoció con Merck para ofrecer la vacuna Gardasil contra el VPH a todas las niñas en la edad adecuada. El Ministerio formó una «asociación comunitaria público-privada» para garantizar un reparto eficaz y equitativo de la misma. Marco regional Más del 90% de los niños de 12 a 23 meses de edad en Rwanda ha recibido todas las vacunas básicas recomendadas por la Organización Mundial de la Salud gracias a los esfuerzos gubernamentales por mejorar los sistemas sanitarios. Cambios importantes El programa de vacunación contra el VPH en Rwanda alcanzó una cobertura del 93,23% entre las niñas de sexto curso en el año 2011 al cabo de la primera ronda de vacunación con las tres dosis. Esto fue posible a través de la vacunación escolar y gracias a la participación de la comunidad para identificar a las niñas que faltaban o no estaban matriculadas en el colegio. Una campaña de sensibilización a escala nacional precedió la entrega de la primera dosis. Lecciones aprendidas A través de una serie de asociaciones innovadoras, Rwanda redujo a tan solo cinco años la brecha histórica de dos décadas en cuanto a la introducción de la vacuna entre países de ingresos altos y bajos. Una estrategia de reparto construida sobre el sólido sistema de vacunación y el marco de recursos humanos de
